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BOX PCT 

IN THE UNITED STATES ELECTED OFFICE 
OF THE UNITED STATES PATENT AND TRADEMARK OFFICE 
UNDER THE PATENT COOPERATION TREATY - CHAPTER II 
PRELIMINARY AMENDMENT 



APPLICANT: Detlef STOLL et al 

DOCKET NO: POl, 02 71 
SERIAL NO: GROUP ART UNIT: 

EXAMINER : 

INTERNATIONAL APPLICATION NO: PCT/DEO 0 /O 04 63 
INTERNATIONAL FILING DATE: 18 February 2000 
INVENTION: "CONFIGURABLE ADD -DROP MULTIPLEXING DEVICE 

AND OPTICAL WAVELENGTH DIVISION MULTIPLEX 
TRANSMISSION SYSTEM" (Title Amended) 

Assistant Commissioner for Patents, 
Washington, D.C. 20231 

Sir: 

As a Preliminary Amendment for entry into the 
National Stage for the above- identified PCT application, 
the following is submitted: 



IN THE ABSTRACT : 

Please add the following Abstract: 

--An add-drop multiplexer has a group filter that 
divides an incoming WDM signal into several channel 
groups of corresponding adjacent WDM channels. A 



reconfiguration module is connected to each channel 
group. A first type of module makes it possible to 
perform a manual configuration of the Add-Drop channels 
and the coupled WDM channel while a second type of module 
makes it possible to carry out remote configuration. A 
fourth type of module enables remote configuration of the 
drop -continue channels-- . 

IN THE SPECIFICATION ; 

Please enter the enclosed Substitute Specification 
together with a marked-up copy of the substitute 
specification. No new matter is added. 

IN THE CLAIMS ; 

Please cancel claims 1-15 without prejudice. 

Please substitute new claims 16-31 as follows: 

16. A configurable add-drop multiplexing device 
for an optical wavelength division multiplex transmission 
system, comprising : 

a group filter which divides an incoming WDM signal 
into a plurality of channel groups with channels of 
different wavelengths ; 

a plurality of exchangeable modules each of which 
connect to a respective channel group for connecting 
through and branching off channels; 

the exchangeable modules comprising at least one 
of first, second, and third module types; 

the first module type being for manual 
reconfiguration of connected- through and add-drop 



channels with which longer-term connections of the 
channels of a channel group are realized; 

the second module type being for remote 
configuration of channels to be connected through and 
add-drop channels of one of the channel groups with which 
short-term connections of the channels of the one channel 
group are realized; 

the third module type being for closed connecting- 
through of a channel group; and 

a combination filter to which reconfigured channel 
groups are fed and which forms an outgoing WDM signal. 

17. The add-drop multiplexing device of claim 16 
wherein the first module type comprises substantially a 
WDM demultiplexer, a manually configurable switching 
unit, and a WDM multiplexer. 

18. The add-drop multiplexing device of claim 16 
wherein the second module type comprises a WDM 
demultiplexer, a remote -configurable switching unit, and 
a WDM mult8iplexer . 

19. The add-drop multiplexing device of claim 16 
wherein the second module type comprises an add-drop- 
continue device with a series connection of at least one 
circulator, a tunable filter, and a coupling-in device. 

20. The add-drop multiplexing device of claim 19 
wherein the transmission loss of the tunable filter is 
adj ustable . 



21. The add-drop multiplexing device of claim 20 
wherein the transmission loss of the tunable filter is 
thermally adjustable . 

22. The add-drop multiplexing device of claim 16 
wherein the third module type comprises an optical 
connecting cable. 

23. The add-drop multiplexing device of claim 16 
wherein there is provided a fourth module type which 
makes possible a remote configuration of drop-continue 
channels . 

24. The add-drop multiplexing device of claim 23 
wherein the fourth module type has a coupling device for 
coupling out at least part of the incoming WDM signal and 
a circulator and also at least one tunable filter. 

25. The add-drop multiplexing device of claim 23 
wherein the fourth module type has a coupling device for 
coupling out at least part of the incoming WDM signal, 
and at least one filter arrangement acting as a WDM 
demultiplexer for separating the coupled-out WDM signal 
into a plurality of channels of different wavelength. 

26. The add-drop multiplexing device of claim 19 
wherein narrow-band series -connected Bragg channel 
filters are provided which are tuned with regard to 
resonant wavelength, a stop band of which is so narrow 
that a filter tuned to a wavelength lying between the 



channels significantly does not influence a function of 
adj acent channels . 

27. The add-drop multiplexing device of claim 26 
wherein the series connection of the tunable filters is 
terminated by an optical absorber into which non- 
reflected WDM signals are directed. 

28. The add-drop multiplexing device of claim 24 
wherein for coupling-out of a plurality of channels, a 
WDM demultiplexer is additionally provided designated at 
least for a number of the channels which corresponds to 
a number of the tunable filters. 

29. The add-drop multiplexing device as claimed 
in claim 16 wherein the channels of at least one of the 
channel groups are adjacent in terms of frequency. 

30. A wavelength division multiplex transmission 
system, comprising : 

a plurality of add-drop multiplexing devices 
connected to one another via optical waveguides; and 

each of the add-drop multiplexing devices 
comprising 

a group filter which divides an incoming WDM 
signal into a plurality of channel groups with 
channels of different wavelengths, 

a plurality of exchangeable modules each of which 
connects to a respective channel group for 
connecting through and branching off channels, 



the exchangeable modules comprising at least one 
of first, second, and third module types, 
the first module type being for manual 
reconfiguration of connected-through and add-drop 
channels with which longer-term connections of the 
channels of a channel group are realized, 
the second module type being for remote 
configuration of channels to be connected through 
and add-drop channels of one of the channel groups 
with which short-term connections of the channels 
of the one channel group are realized, 
the third module type being for closed connecting- 
through of a channel group, and 

a combination filter to which reconfigured channel 
groups are fed and which forms an outgoing WDM 
signal . 

31. A configurable add-drop multiplexing device 
for an optical wavelength division multiplex transmission 
system, comprising : 

a group unit which divides an incoming WDM signal 
into a plurality of channel groups; 

a plurality of exchangeable modules each of which 
connect to a respective channel group for connecting 
through and branching off channels; 

the exchangeable modules comprising at least one 
of first, second, and third module types ; 

the first module type being for manual 
reconfiguration of connected- through and add-drop 



channels with which longer-term connections of the 
channels of a channel group are realized; 

the second module type being for remote 
configuration of channels to be connected through and 
add-drop channels of one of the channel groups with which 
short-term connections of the channels of the one channel 
group are realized; 

the third module type being for closed connecting- 
through of a channel group; and 

a combination unit to which reconfigured channel 
groups are fed and which forms an outgoing WDM signal. 

REMARKS 

An Abstract has been added in accordance with U. 
S. practice. 

The specification has been amended for improved 
readability and clarity and in accordance with U. S. 
practice . 

New claims are presented in accordance with U. S. 
practice- The new claims are not narrower then the 
original claims and the new claims are not presented for 
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patentability reasons so that the Festo decision does not 
apply. 
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Description 

Configurable add-drop multiplexing device and optical 
wavelength division multiplex transmission system 

The invention relates to a configurable add-drop 
multiplexing devices and an optical wavelength division 
multiplex (WDM) transmission system realized with these 
devices . 

In purely optical WDM networks, transmission channels 
with different wavelengths are used for establishing 
data connections. At the request of customers , 

connections between any desired connecting points are 
to be made available by the network operator. To 
establish these connections, until now electronically 
operating cross -connectors /connecting- through devices 
were used. The same principle can also be used in 
principle for purely optically operating networks. 
However, here the use of remote-configurable optical 
switching devices is problematical and very cost- 
intensive. Such devices are known for example from DE 
19 94 302 Al. 

25 US 5,748,350 discloses optical multiplexers/ 
demultiplexers which are realized with the aid of 
filters and circulators and combine individual optical 
channels to form a WDM signal or divide a WDM signal 
into individual optical channels. 

30 

It is therefore an object of the invention to provide a 
configurable add-drop multiplexing device and a WDM 
transmission system which can be realized with lower 
expenditure . 

35 

This object is achieved by an add-drop multiplexing 
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device according to patent claim 1. An associated 
transmission system is specified in an independent 
claim. Advantageous developments are specified in the 
subclaims . 



In the invention, a modular design is used, allowing 
different module types to be used according to 
requirements. Generally, only a small number of the 
switched connections have to be frequently 
reconfigured, while generally the majority of the 
connections are static and never have to be 
reconfigured, or only extremely rarely. There is a 
correspondingly great cost advantage. 
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It is firstly advantageous for the WDM signal to be 
divided into a plurality of channel groups, at least 
one of which are divided by a WDM demultiplexer into 
individual optical channels, which in principle can be 
5 individually branched off or connected through. One of 
these channel groups is assigned for example 
"statically" interconnected channels for long-term 
connection, which are fed to a module of a technically 
simple configuration, while another channel group 
10 contains channels serving as short-term connections, 
which are constantly newly interconnected, which takes 
place in another module type with correspondingly more 
complex switching devices. 

15 Use of the invention in ring networks, in which a 
considerable number of the channels are merely through- 
connected, is particularly advantageous. Here, the 
corresponding module then only comprises one optical 
connecting line. 

20 

In addition to the use of modules with optical 
switching matrices for realizing add-drop functions, a 
combination of circulators and tunable filters may also 
be used as an add-drop unit. 

25 

Particularly advantageous is the use of tunable 
controllable filters, the transmission loss and 
reflection loss of which for example are thermally 
controllable and, as a result, make a reconfiguration 
30 possible without disturbing operation on the through- 
connected channels . 

In addition, drop&continue channels which can be 
remote-configured with the aid of a further module type 
35 are advantageously used according to the invention for 
realizing broadcast functionalities. 
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Exemplary embodiments of the invention are explained in 
more detail with reference to figures, 



in which: 
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figure 1 shows an add-drop multiplexing device for 
static and remote-configurable connections, 

figure 2 shows a frequency diagram of an optical WDM 
signal , 

5 figure 3 shows a ring network and 

figure 4 shows a variant of the add-drop multiplexing 
device . 

figure 5 shows a variant of a drop&continue module, 
figure 6 shows a further variant of a drop&continue 
10 module. 

figure 7 shows a simplified embodiment of a 
drop&continue module. 

Represented in figure 1 is an add-drop multiplexing 

15 device (often referred to for short as an add-drop 
multiplexer or a network node, cross-connector or 
through-connecting device) NK1 . An incoming optical 
WDM signal WMS1 is initially fed to a group filter 1. 
This divides the signal WMS1 into four different 

20 channel groups Gl to G4 in a way corresponding to 
figure 2. The static connections are assigned to the 
channel groups Gl to G3, while all the short-term 
connections are assigned to the fourth channel group 
G4. Each of these channel groups is respectively 

25 assigned a module MM1 to MM 3 and MF4 1 to allow specific 
channels to be branched off and inserted and other 
channels to be connected through. In this case, it is 
expedient for reasons of expenditure and required in 
the case of certain embodiments to assign channels 

30 which are adjacent in terms of frequency to one channel 
group. However, a functional connection-oriented 

assignment is also possible. 



In the case of the module MM1, only two add-drop 
35 terminals 24 and 25 are denoted for reasons of overall 
clarity. The channels of this module which are to be 
sent are combined in a WDM multiplexer 13. The module 
has a manual patch panel 6, with which any desired 
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connections can be manually made with the aid of what 
are known as "patch courts". The modules M2 and M3 
likewise contain in each case a WDM demultiplexer 3 and 
4, respectively, a manual patch panel 7 and 8, 
respectively, and a WDM multiplexer 14 and 15, 
respectively. Only the fourth 
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module has between its WDM demultiplexer 5 and its WDM 
multiplexer 16 a remote-configurable patch panel 9 with 
a plurality of switching matrices 10 with four 
terminals in each case. Each of these switching 
matrices allows a "channel" separated by the WDM 
demultiplexer 15 to be connected through or branched 
off and inserted into a corresponding "channel". The 
drop terminal of one of two switching matrices 
represented is denoted here by 11 and the add terminals 
is denoted by 12. The channel groups Nl to N4 
reconfigured with the aid of the WDM multiplexers 13 to 
16 are combined by a combination filter 17 and sent. 

Each add-drop multiplexer can be adapted to 
requirements by exchanging modules. If, for example, a 
higher proportion of remote-configurable connections is 
desired, the module MM 3 can be replaced for example by 
a type of the module MF4 . For reasons of overall 
clarity, only for one direction of transmission and 
only the elements essential for the invention have been 
represented. In the case of bidirectional connections, 
an identical arrangement is provided for the opposite 
direction . 

In optical rings in which these network elements are 
used, it is possible both for genuine ring traffic to 
be conducted, as known from synchronous networks, and 
also for what is known as HUB traffic to be carried out 
in a way corresponding to figure 3, requiring various 
add-drop multiplexers which are connected in the form 
of a ring via optical waveguides 28 and 29. A first 
add-drop multiplexing device NK1 serves as a central 
node (master node) , which logically distributes the 
traffic in a double-star shape to the other add-drop 
multiplexers. The master node must correspondingly 
have an add-drop capacity of 100%, as is represented in 
figure 1, with 75% static traffic and 25% remote- 
configurable traffic (for example in a way 
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corresponding to figure 1) . The other 

multiplexers/network nodes NK2 , NK3 and NK4 require 
only a relatively small add-drop capacity, of which in 
turn only a 
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part must be remote-configurable. A major part of the 
traffic, concentrated on certain channel groups, is 
connected through . 

5 An add-drop multiplexing device possible for the 
network nodes NK2 to NK4 is represented in figure 4. 
It contains two modules MD21 and MD22, which comprise 
in each case an optical connecting line 23. A further 
module MM22 is in turn provided for static connections 

10 and the module MF24 is provided for remote-configurable 
connections. This module contains at least one 

circulator 18 and a tunable filter 19, with the aid of 
which individual wavelengths, and consequently 
individual channels, can be branched off. With the aid 

15 of further circulators 20 and tunable filters 21, 
further channels (or else groups of a plurality of 
channels) can be branched off at drop outputs 26. The 
corresponding channels (with new data) are inserted via 
add inputs 27 and a coupler 22. 

20 

It is particularly advantageous if the module MF24 is 
designed in such a way that, during a reconfiguration, 
i.e. during detuning of the filters 19 and 21, the 
other connected-through channels are not disturbed. 

25 This may take place by bridging the filters or by 
thermally influencing the filters, by which the filter 
properties are largely reduced. Corresponding filters 
and corresponding add-drop-continue modules are 
described in German Patent Application DE 1984 6674.9. 

30 The module MM22, the group filter and the combination 
filter coincide with the network node NK1 . 



Represented in figure 5 is a variant of a 
drop&continue module MF25 for remote-configurable 
35 drop&continue channels, which has a coupler 22, a 
circulator 30, a tunable filter 31 and also an 
absorber 35. The continue functionality of the 
drop&continue module MF25 is realized with the aid 
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of an optical connecting line 23, which 
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connects the input e of the drop&continue module MF25 
via the coupler 22 to the output a of the drop&continue 
module MF25 and via which, for example, all the short- 
term connections of the fourth channel group G4 are 
5 transmitted. The drop functionality of the 

drop&continue module MF25 is realized in particular 
with the aid of the coupler 22, the tunable filter 31 
and the circulator 30, a part of the optical WDM signal 
representing the fourth channel group G4 being coupled 
10 out by the coupler 22 and transmitted via a further 
optical connecting line 36 to the circulator 30. 
Consequently, a single channel, for example channel 
p K25, of the channel group G4 can be branched off via 

tf? the tunable filter 31. The part of the coupled-out 

2 15 optical WDM signal not separated by the tunable filter 

|d 31 and representing the fourth channel group G4 is 

;5 passed on to the optical absorber 35, which is provided 

?l for the disposal of these non-reflected WDM channels 

$ K26 to K32. In addition, the drop&continue module MF25 

y 20 may optionally be extended with the aid of an add 

y ; terminal 12, which is led to the coupler 22, to form an 

4*1 add-drop&continue module - indicated in figure 5 by an 

H add terminal line 12 depicted by dashed lines. In this 

case, only WDM signals of a wavelength outside the 
25 wavelength range which can be extracted by the tunable 
filter 31 can be fed in or "added". 



Represented in figure 6 is an extended module MF2 6 of 
the drop&continue module MF25 represented in figure 5, 

30 for the branching off of a plurality of channels K25 to 
K32 of the fourth channel group G4 . This extended 
module MF26 has for this purpose, for example, a 
further tunable filter 33 and a WDM demultiplexer 34, 
intended for the separation of the backscattered 

35 channels K25 to K32 . With the aid of this extended 
module MF2 6, the channel selectivity of the 
drop&continue module MF2 6 can be advantageously 
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increased, which is advantageous when there are a large 
number of WDM channels. 
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Represented in figure 7 is a simplified embodiment of 
the drop&continue functionality in a further module 
MF27 f in which a part of the optical WDM signal 
representing the fourth channel group G4 is led 
5 directly to a WDM multiplexer 34 with the aid of a 
coupler 22 , which is connected into the optical 
connecting line 23, via an optical connecting line 36. 
With the aid of the WDM multiplexer 36, the respective 
WDM channel K25 to K32 is subsequently branched off and 
10 led to the respective drop terminal 11. An embodiment 
of a drop&continue module of this type can be 
advantageously used in particular in the case of a low 
channel density per channel group Gl to G4 . 



15 



It goes without saying that a plurality of the add-drop 
multiplexers described above may also be connected in 
series in a network terminal. 
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Patent claims 

1. A configurable add-drop multiplexing device for an 
optical wavelength division multiplex transmission 

5 system, characterized in that in each of the add- 

drop multiplexing devices there is provided a group 
filter (1) , which divides an incoming WDM signal 
(WMSl) into a plurality of channel groups (G1-G4) 
with channels (K1-K32) of different wavelengths, in 

10 that there is provided a plurality of exchangeable 

modules (M1-M4) for connecting through and 
branching off channels, to which in each case a 
channel groups (G1-G4) is fed, in that different 
module types (MM, MD, MF) are used as and when 

15 required, in that there is provided a first module 

type (MM) for the manual reconfiguration of 
connected-through and add-drop channels (Kl - K8), 
with which long-term connections of the channels 
(K9-K16) of a channel group (Gl, G2,.G3; G4) are 

20 realized, and/or there is provided a second module 

type (MF) for the remote configuration of channels 
to be connected through and add-drop channels (K25 
- K32) of in each case a further channel group 
(G4), with which short-term connections of the 

25 channels (K25-K32) of this further channel group 

(G4) are realized, and/or in that there is provided 
a third module type (MD) for the closed connecting- 
through of in each case a channel group {Gl, G3) 
and in that there is provided a combination filter 

30 (17), to which the possibly reconfigured channel 

groups (N1-N4), which are combined to form an 
outgoing WDM signal (WMS2), are fed. 

2 . The add-drop multiplexing device as claimed in 
35 claim 1, characterized 
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in that the first module type (MM) contains 
essentially a WDM demultiplexer (2) r a manually 
configurable switching unit (6) and a WDM 
multiplexer (13) . 

5 

3. The add-drop multiplexing device as claimed in 
claim 1 or 3, characterized in that the second 
module type (MF) contains a WDM demultiplexer (5) , 
a remote-configurable switching unit (9) and a WDM 

10 multiplexer (16) . 

4 . The add-drop multiplexing device as claimed in 
claim 1 or 3, characterized in that the second 
module type (MF) contains an add-drop-continue 

15 device with the series connection of at least one 

circulator (18), a tunable filter (19) and also a 
coupling-in device (20) . 

5. The add-drop multiplexing device as claimed in 
20 claim 4, characterized in that the transmission 

loss of the filter (19) is adjustable. 

6. The add-drop multiplexing device as claimed in 
claim 5, characterized in that the transmission 

25 loss of the filter (19) is thermally adjustable. 

7. The add-drop multiplexing device as claimed in one 
of the preceding claims, characterized in that the 
third module type (MD) is realized by an optical 

30 connecting cable (23) . 

8 . The add-drop multiplexing device as claimed in 
claim 1, characterized in that there is provided a 
fourth module type (MF25, MF26, MF27), which makes 

35 possible a remote configuration of drop-continue 

channels . 
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9. The add-drop multiplexing device as claimed in 
claim 8, characterized in that the fourth module 
type (MF25, MF26, MF27) has a coupling device (22) 
for coupling out at least part of the incoming WDM 

5 signal and a circulator (30) and also at least one 

tunable filter (32, 33) . 

10. The add-drop multiplexing device as claimed in 
claim 8, characterized in that the fourth module 
type has a coupling device (22) , for coupling out 
at least part of the incoming WDM signal , and at 
least one filter arrangement acting as a WDM 
demultiplexer (34) , for separating the coupled-out 
WDM signal into a plurality of channels (K25 - K32) 
of different wavelength. 

11. The add-drop multiplexing device as claimed in 
claim 4 or 9, characterized in that, provided as 
tunable filters (19, 32, 33) are narrow-band, 
series-connected Bragg channel filters which can be 
tuned with regard to the resonant wavelength and 
the stop band of which is so narrow that a filter 
(19, 32, 33) tuned to a wavelength lying between 
the channels (k25 - K32) does not influence the 
function of the adjacent channels (K25 - K32) , at 
least not significantly . 

12. The add-drop multiplexing device as claimed in 
claim 11, characterized in that the series 

30 connection of the tunable filters (19, 32, 33) is 

terminated by an optical absorber (35) r into which 
non-reflected WDM signals are directed. 

13. The add-drop multiplexing device as claimed in 
35 claim 9, characterized in that, for the coupling- 
out of a plurality of channels (K25 - K32) , a WDM 
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demultiplexer (34) is additionally provided, 
designed at least for the number of channels (K25 - 
K32) which corresponds to the number of tunable 
filters (19, 32, 33) . 

14 . The add-drop multiplexing device as claimed in one 
of the preceding claims, characterized in that the 
channels (Kl - K8 ) of a channel group (Gl) are 
adjacent in terms of frequency. 

15. A wavelength division multiplex transmission system 
with a plurality of add-drop multiplexing devices 
(NK1 - NK4) as claimed in one of the preceding 
claims connected to one another via optical 
waveguides (28, 29) . 
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SPECIFICATION 
TITLE 

"CONFIGURABLE ADD-DROP MULTIPLEXING DEVICE AND 
5 OPTICAL WAVELENGTH DIVISION MULTIPLEX TRANSMISSION 

SYSTEM" 

BACKGROUND OF THE INVENTION 

10 The invention relates to configurable add-drop multiplexing devices and an 

optical wavelength division multiplex (WDM) transmission system realized with these 
devices. 

hi purely optical WDM networks, transmission channels with different 
wavelengths are used for establishing data connections. At the request of customers, 

15 connections between any desired connecting points are to be made available by the 
network operator. To establish these connections, until now electronically operating 
cross-connectors/connecting-through devices were used. The same principle can also be 
used in principle for purely optically operating networks. However, here the use of 
remote-configurable optical switching devices is problematical and very cost-intensive. 

2 0 Such devices are known for example from DE 19 94 302 Al . 

US 5,748,350 discloses optical multiplexers/ demultiplexers which are realized 
with the aid of filters and circulators and combine individual optical channels to form a 
WDM signal or divide a WDM signal into individual optical channels. 

25 SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide a configurable add-drop 
multiplexing device and a WDM transmission system which can be realized with a lower 
expenditure. 

30 
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This object is achieved by an add-drop multiplexing device for an optical 
wavelength division multiplex transmission system wherein a group filter is provided 
which divides an incoming WDM signal into a plurality of channel groups with channels 
of different wavelengths. A plurality of exchangeable modules are provided to each of 
5 which a respective channel group is fed for connecting through and branching off 
channels. The exchangeable modules are one of at least first, second, and third module 
types. The first module type is for manual reconfiguration of connected-through and add- 
drop channels with which long-term connections of the channels of the channel group are 
realized. The second module type is for remote configuration of channels to be 

1 0 connected through and add-drop channels of a further channel group with which short- 
term connections of the channels of the further channel group are realized. The third 
module type is for closed connecting-through of a channel group. A combination filter 
is provided to which reconfigured channel groups are fed and which combines the 
reconfigured channel groups to form an outgoing WDM signal. An associated 

15 wavelength division multiplex transmission system is also provided comprising a 
plurality of the add-drop multiplexing devices described above and which are connected 
to one another via optical waveguides. 

In the invention, a modular design is used, allowing different module types to be 
used according to requirements. Generally, only a small number of the switched 

2 0 connections have to be frequently reconfigured, while generally the majority of the 
connections are static and never have to be reconfigured, or only extremely rarely. There 
is a correspondingly great cost advantage. 

It is first advantageous for the WDM signal to be divided into a plurality of 
channel groups, at least one of which are divided by a WDM demultiplexer into 

2 5 individual optical channels, which in principle can be individually branched off or 

connected through. One of these channel groups is assigned for example "statically", to 
interconnected channels for long-term connection, which are fed to a module of a 
technically simple configuration, while another channel group contains channels serving 
as short-term connections, which are constantly newly interconnected, which takes place 

3 0 in another module type with correspondingly more complex switching devices. 
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Use of the invention in ring networks, in which a considerable number of the 
channels are merely through-connected, is particularly advantageous. Here, the 
corresponding module then only comprises one optical connecting line. 

In addition to the use of modules with optical switching matrices for realizing 
5 add-drop functions, a combination of circulators and tunable filters may also be used as 
an add-drop unit. 

Particularly advantageous is the use of tunable controllable filters, the 
transmission loss and reflection loss of which for example are thermally controllable and, 
as a result, make a reconfiguration possible without disturbing operation on the through- 
1 0 connected channels. 

In addition, drop&continue channels which can be remotely configured with the 
$Q aid of a further module type are advantageously used according to the invention for 

tT realizing broadcast functionalities. 

f j Exemplary embodiments of the invention are explained in more detail with 

111 15 reference to the drawing figures. 

p BRIEF DESCRIPTION OF THE DRAWING 

H Figure 1 shows an add-drop multiplexing device for static and remote- 

p. configurable connections; 

p " 2 0 Figure 2 shows a frequency diagram of an optical WDM signal; 

Figure 3 shows a ring network; 

Figure 4 shows a variation of the add-drop multiplexing device; 

Figure 5 shows a variation of a drop&continue module; 

Figure 6 shows a further variation of a drop&continue module; and 

2 5 Figure 7 shows a simplified embodiment of a drop&continue module. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

For the purposes of promoting an understanding of the principles of the invention, 
reference will now be made to the preferred embodiment illustrated in the drawings and 

3 0 specific language will be used to describe the same. It will nevertheless be understood 

that no limitation of the scope of the invention is thereby intended, such alternations and 
further modifications in the illustrated device, and such further applications of the 
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principles of the invention as illustrated therein being contemplated as would normally 
occur to one skilled in the art to which the invention relates. 

Represented in figure 1 is an add-drop multiplexing device (often referred to for 
short as an add-drop multiplexer or a network node, cross-connector or through- 
5 connecting device) NK1 . An incoming optical WDM signal WMS1 is initially fed to a 
group filter 1. This divides the signal WMS1 into four different channel groups Gl to 
G4 in a way corresponding to figure 2. The static connections are assigned to the channel 
groups Gl to G3, while all the short-term connections are assigned to the fourth channel 
group G4. Each of these channel groups is respectively assigned a module MM 1 to MM3 

1 0 and MF4, to allow specific channels to be branched off and inserted and other channels 
to be connected through. In this case, it is expedient for reasons of expenditure and is 
required in the case of certain embodiments to assign channels which are adjacent in 
terms of frequency to one channel group. However, a functional connection-oriented 
assignment is also possible. 

15 In the case of the module MM1, only two add-drop terminals 24 and 25 are 

denoted for reasons of overall clarity. The channels of this module which are to be sent 
are combined in a WDM multiplexer 13. The module has a manual patch panel 6, with 
which any desired connections can be manually made with the aid of what are known as 
"patch cords". The modules M2 and M3 likewise contain in each case a WDM 

2 0 demultiplexer 3 and 4, respectively, a manual patch panel 7 and 8, respectively, and a 
WDM multiplexer 14 and 15, respectively. Only the fourth module has between its 
WDM demultiplexer 5 and its WDM multiplexer 16a remote-configurable patch panel 
9 with a plurality of switching matrices 10 with four terminals in each case. Each of 
these switching matrices allows a "channel" separated by the WDM demultiplexer 15 to 

2 5 be connected through or branched off and inserted into a corresponding "channel". The 

drop terminal of one of two switching matrices represented is denoted here by 1 1 and the 
add terminal is denoted by 12. The channel groups Nl to N4 reconfigured with the aid 
of the WDM multiplexers 13 to 16 are combined by a combination filter 17 and sent. 

Each add-drop multiplexer can be adapted to requirements by exchanging 

3 0 modules. If, for example, a higher proportion of remote-configurable connections is 

desired, the module MM3 can be replaced for example by a type of the module MF4. For 
reasons of overall clarity, only for one direction of transmission and only the elements 

SUBSTITUTE SPECIFICATION 



5 

essential for the invention have been represented. In the case of bidirectional 
connections, an identical arrangement is provided for the opposite direction. 

Li optical rings in which these network elements are used, it is possible both for 
genuine ring traffic to be conducted, as known from synchronous networks, and also for 
5 what is known as HUB traffic to be carried out in a way corresponding to figure 3, 
requiring various add-drop multiplexers which are connected in the form of a ring via 
optical waveguides 28 and 29. A first add-drop multiplexing device NK1 serves as a 
central node (master node), which logically distributes the traffic in a double-star shape 
to the other add-drop multiplexers. The master node must correspondingly have an add- 

10 drop capacity of 100%, as is represented in figure 1, with 75% static traffic and 25% 
remote-configurable traffic (for example in a way corresponding to figure 1). The other 
multiplexers/network nodes NK2, NK3 and NK4 require only a relatively small add-drop 
capacity, of which in turn only a part must be remote-configurable. A major part of the 
traffic, concentrated on certain channel groups, is connected through. 

15 An add-drop multiplexing device possible for the network nodes NK2 to NK4 is 

represented in figure 4. It contains two modules MD21 and MD22, which comprise in 
each case an optical connecting line 23. A further module MM22 is in turn provided for 
static connections and the module MF24 is provided for remote-configurable 
connections. This module contains at least one circulator 1 8 and a tunable filter 1 9, with 

2 0 the aid of which individual wavelengths, and consequently individual channels, can be 
branched off. With the aid of further circulators 20 and tunable filters 21, further 
channels (or else groups of a plurality of channels) can be branched off at drop outputs 
26. The corresponding channels (with new data) are inserted via add inputs 27 and a 
coupler 22. 

2 5 It is particularly advantageous if the module MF24 is designed in such a way that, 

during a reconfiguration, i.e. during detuning of the filters 19 and 21, the other 
connected-through channels are not disturbed. This may take place by bridging the filters 
or by thermally influencing the filters, by which the filter properties are largely reduced. 
Corresponding filters and corresponding add-drop-continue modules are described in 

3 0 German Patent Application DE 1 9846674.9. The module MM22, the group filter and the 

combination filter coincide with the network node NK1 . 

Represented in Figure 5 is a variation of a drop&continue module MF25 for 
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remote-configurable drop&continue channels, which has a coupler 22, a circulator 
30, a tunable filter 31 and also an absorber 35. The continue functionality of the 
drop&continue module MF25 is realized with the aid of an optical connecting line 
23, which connects the input e of the drop&continue module MF25 via the coupler 22 
5 to the output a of the drop&continue module MF25 and via which, for example, all the 
short-term connections of the fourth channel group G4 are transmitted. The drop 
functionality of the drop&continue module MF25 is realized in particular with the aid of 
the coupler 22, the tunable filter 31 and the circulator 30, a part of the optical WDM 
signal representing the fourth channel group G4 being coupled out by the coupler 22 and 

1 0 transmitted via a further optical connecting line 36 to the circulator 30. Consequently, 
a single channel, for example channel K25, of the channel group G4 can be branched off 
via the tunable filter 3 1 . The part of the coupled-out optical WDM signal not separated 
by the tunable filter 3 1 and representing the fourth channel group G4 is passed on to the 
optical absorber 35, which is provided for the disposal of these non-reflected WDM 

1 5 channels K26 to K32. In addition, the drop&continue module MF25 may optionally be 
extended with the aid of an add terminal 12, which is led to the coupler 22, to form an 
add-drop&continue module - indicated in figure 5 by an add terminal line 12 depicted by 
dashed lines. In this case, only WDM signals of a wavelength outside the wavelength 
range which can be extracted by the tunable filter 31 can be fed in or "added". 

2 0 Represented in Figure 6 is an extended module MF26 of the drop&continue 

module MF25 represented in figure 5, for the branching off of a plurality of channels K25 
to K32 of the fourth channel group G4. This extended module MF26 has for this 
purpose, for example, a further tunable filter 33 and a WDM demultiplexer 34, intended 
for the separation of the backscattered channels K25 to K32. With the aid of this 

2 5 extended module MF26, the channel selectivity of the drop&continue module MF26 can 

be advantageously increased, which is advantageous when there are a large number of 
WDM channels. 

Represented in figure 7 is a simplified embodiment of the drop&continue 
functionality in a further module MF27, in which a part of the optical WDM signal 

3 0 representing the fourth channel group G4 is led directly to a WDM multiplexer 34 with 

the aid of a coupler 22, which is connected into the optical connecting line 23, via an 
optical connecting line 36. With the aid of the WDM multiplexer 36, the respective 

SUBSTITUTE SPECIFICATION 



7 

WDM channel K25 to K32 is subsequently branched off and led to the respective drop 
terminal 11. An embodiment of a drop&continue module of this type can be 
advantageously used in particular in the case of a low channel density per channel group 
Gl to G4. 

5 It goes without saying that a plurality of the add-drop multiplexers described 

above may also be connected in series in a network terminal. 

While the invention has been illustrated and described in detail in the drawings 
and foregoing description, the same is to be considered as illustrative and not restrictive 
in character, it being understood that only the preferred embodiment has been shown and 
1 0 described and that all changes and modifications that come within the spirit of the 
invention are desired to be protected. 
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German Language Declaration 



Als nachstehend benannter Erfinder erklare ich hiermit 
an Eides Statt: 



dass mein Wohnsitz, meine Postanschrift, und meine 
Staatsangehdrigkeit den im Nachstehenden nach 
meinem Namen aufgefuhrten Angaben entsprechen, 



dass ich, nach bestem Wissen der ursprungliche, 
erste und alleinige Erfinder (falls nachstehend nur ein 
Name angegeben ist) oder ein ursprunglicher, erster 
und Miterfinder (falls nachstehend mehrere Namen 
aufgefuhrt sind) des Gegenstandes bin, fur den dieser 
Antrag gestellt wird und fur den ein Patent beantragt 
wird fur die Erfindung mit dem Titel: 

Acld-Drop-Multiplexereinrichtung und 



optisches Wellenlangen-Multiplex- 

Ubertragungssystem 



deren Beschreibung 



As a below named inventor, I hereby declare that 



My residence, post office address and citizenship are 
as stated below next to my name, 



I believe I am the original, first and sole inventor (if 
only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 



the specification of which 



(zutreffendes ankreuzen) 
El hier beigefugt ist. 

EH am als 

PCT internationale Anmeldung 

PCT Anmeldungsnummer 

eingereicht wurde und am 

abgeandert wurde (falls tatsachlich abgeandert). 



(check one) 

s attached hereto. 

was filed on as 
PCT international application 

PCT Application No. 

and was amended on 

(if applicable) 



Ich bestatige hiermit, dass ich den Inhalt der obigen 
Patentanmeldung einschliesslich der Anspruche 
durchgesehen und verstanden habe, die eventuell 
durch einen Zusatzantrag wie oben erwahnt abgean- 
dert wurde. 



Ich erkenne meine Pflicht zur Offenbarung irgendwel- 
cher Informationen, die fur die Prufung der vorliegen- 
den Anmeldung in Einklang mit Absatz 37, Bundes- 
gesetzbuch, Paragraph 1.56(a) von Wichtigkeit sind, 
an. 



Ich beanspruche hiermit auslandische Prioritatsvor- 
teile gemass Abschnitt 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 119 alter unten ange- 
gebenen Auslandsanmeldungen fur ein Patent oder 
eine Erfindersurkunde, und habe auch alle Auslands- 
anmeldungen fur ein Patent oder eine Erfindersurkun- 
de nachstehend gekennzeichnet, die ein Anmelde- 
datum haben, das vor dem Anmeldedatum der 
Anmeldung liegt, fur die Prioritat beansprucht wird. 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, 
including the claims as amended by any amendment 
referred to above. 



I acknowledge the duty to disclose information which 
is material to the examination of this application in 
accordance with Title 37, Code of Federal 
Regulations, §1. 56(a). 



I hereby claim foreign priority benefits under Title 35, 
United States Code, §1 19 of any foreign application(s) 
for patent or inventor's certificate listed below and 
have also identified below any foreign application for 
patent or inventor's certificate having a filing date 
before that of the application on which priority is 
claimed: 
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Prior foreign appplications 
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Priority Claimed 



19906813.5 Germany 
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(Nummer) 



(Country) 
(Land) 



18. February 1999 

(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 
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Yes 
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No 
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(Number) 
(Nummer) 



(Country) 
(Land) 
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(Tag Monat Jahr eingereicht) 



□ 

Yes 
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(Number) 
(Nummer) 



(Country) 
(Land) 



(Day Month Year Filed) 
(Tag Monat Jahr eingereicht) 
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Yes 
Ja 
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No 
Nein 



Ich beanspruche hiermit gemass Absatz 35 der Zivil- 
prozessordnung der Vereinigten Staaten, Paragraph 
120, den Vorzug aller unten aufgefuhrten Anmei- 
[dungen und falls der Gegenstand aus jedem 
jAnspruch dieser Anmeldung nicht in einer fruheren 
I amerikanischen Patentanmeldung iaut dem ersten 
Paragraphen des Absatzes 35 der Zivilprozeflordnung 
der Vereinigten Staaten, Paragraph 122 offenbart ist, 
erkenne ich gemass Absatz 37, Bundesgesetzbuch, 
Paragraph 1.56(a) meine Pflicht zur Offenbarung von 
Informationen an, die zwischen dem Anmeldedatum 
der fruheren Anmeldung und dem nationalen Oder 
PCT internationalen Anmeldedatum dieser Anmel- 
dung bekannt geworden sind. 



I hereby claim the benefit under Title 35. United 
States Code. §120 of any United States application(s) 
listed below and, insofar as the subject matter of each 
of the claims of this application is not disclosed in the 
prior United States application in the manner provided 
by the first paragraph of Title 35, United States Code, ! 
§122, I acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal I 
Regulations, §1. 56(a) which occured between the 
filing date of the prior application and the national or 
PCT international filing date of this application. 



(Application Serial No.) 
(Anmeldeseriennummer) 



(Filing Date) 
(Anmeldedatum) 



(Status) 

(patentiert, anhangig, 
aufgegeben) 



(Status) 

(patented, pending, 
abandoned) 



(Application Serial No.) 
(Anmeldeseriennummer) 



(Filing Date) 
(Anmeldedatum) 



(Status) 

(patentiert, anhangig, 
aufgeben) 



(Status) 

(patented, pending, 
abandoned) 



Ich erklare hiermit, dass alle von mir in der vorliegen- 
den Erklarung gemachten Angaben nach meinem 
besten Wissen und Gewissen der vollen Wahrheit 

I entsprechen, und dass ich diese eidesstattliche Erkla- 
rung in Kenntnis dessen abgebe, dass wissentlich und 
vorsatzlich falsche Angaben gemass Paragraph 1001, 
Absatz 18 der Zivilprozessordnung der Vereinigten 

I Staaten von Amerika mit Geldstrafe belegt und/oder 
Gefangnis best raft werd en koennen, und dass derartig 
wissentlich und vorsatzlich falsche Angaben die Gul- 
tigkeit der vorliegenden Patentanmeldung oder eines 

I darauf erteilten Patentes gefahrden konnen. 



I hereby declare that all statements made herein of I 
my own knowledge are true and that all statements 
made on information and belief are believed to be 
true, and further that these statements were made 
with the knowledge that willful false statements and 
the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 
of the United States Code and that such willful false 
statements may jeopardize the validity of the] 
application or any patent issued thereon. 
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mit der Abwicklung aller damit verbundenen Geschafte 

Ivor dem Patent- und Warenzeichenamt (Name und 

1 Registrationsnummer anfuhren) 



POWER OF ATTORNEY: As a named inventor, 
hereby appoint the following attorney(s) and/or I 
agent(s) to prosecute this application and transact all 
business in the Patent and Trademark Office 
connected therewith, (list name and registration 
number) 



And I hereby appoint 
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I MaMft A. kob l n son (31 ,87rj^vldRn«letzger J32 J 933ph7T^ Garrett 1^888) all members of the firm of Hill, Steadman & Simpson, A Professorial | 

1 Corporation 



I Telefongesprache bitte richten an: 
(Name und Telefonnummer) 



Direct Telephone Calls to: (name and telephone ] 
number) 

312/876-0200 
Ext. 



Postanschrift 



Send Correspondence to: 



HILL. STEADMAN & SIMB5QN 
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Voiler Name des einzigen oder ursprunglichen Erfinders: 
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Voller Name des dritten Miterfinders: 

ROCK, Harp'H 


Full name of third joint inventor 


Unterschrift des Erfinders + Datum 


Inventor's signature 


Date 


Wohnsitz 

D-81479.Miinrhftn Germany TP~S^L 


Residence 


Staatsangehorigkeit 

Bundesrepublik Deutschland 


Citizenship 


Postanschrift 

Hofbrunnstr. 21 


Post Office Address 


D-81479 Munchen 
Bundesrepublik Deutschland 




Voller Name des vierten Miterfinders (falls zutreffend): 

.lAHFR Hubert 


Full name of fourth joint inventor, if any: 


Unterschrift des Erfinders _ Datum ^ ^ 

lUL — .v 


Inventor's signature 


Date 


Wohnsitz £\ 

D-82049 JMlach, -Germany iT) /v 


Residence 


Staatsangehorigkeit 

Bundesrepublik Deutschland 


Citizenship 


Postanschrift 

Karl-Schrdder-Str. 10 


Post Office Address 


D-82049 Pullach 
Bundesrepublik Deutschland 




Voller Name des funften Miterfinders (falls zutreffend): 


Full name of fifth joint inventor, if any: 


Unterschrift des Erfinders Datum 


Inventor's signature 


Date 


Wohnsitz 


Residence 


Staatsangehorigkeit 


Citizenship 


Postanschrift 


Post Office Address 






Voller Name des sechsten Miterfinders (falls zutreffend): 


Full name of sixth joint inventor, if any: 


Unterschrift des Erfinders Datum 


Inventor's signature 


Date 


Wohnsitz 


Residence 


Staatsangehorigkeit 


Citizenship 


Postanschrift 


Post Office Address 







(Bitte entsprechende Informationen unci, Unterschriften im (Supply similar information and signature for third and 
Falfe von dn'tten und weiteren Miterfindern angeben). subsequent joint inventors). 
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